Background The former site of a factory in Glasgow and nearby areas were found to be heavily polluted by chromium waste. This gave rise to local concern on possible health effects. As part of a wider study answering this concern, congenital malformations were investigated.
Introduction
In March 1991 substantial chromium (Cr) contamination in soil was discovered in the Rutherglen area of Glasgow, Scotland. Further investigation by the Environmental Health Department of Glasgow District Council helped define the polluted area with greater precision. 1 Contamination was widespread, although most soil samples revealed relatively low levels of 100-200 parts per million (ppm) of total Cr comprising both oxidation states Cr(III) and Cr(VI). There were two main exceptions. The site of an old chromium-processing factory revealed much higher levels, with a mean for 63 samples of 8164 ppm of Cr (total) of which 848 ppm was Cr(VI). This factory had been operating in the area for over a century, finally closing in 1967. Also, between 2 and 3 km to the southeast, levels about half those of the old factory site were found. Cr levels in both these areas were greatly in excess of the maximum recommended 'safe' levels. 2, 3 The population of Glasgow suffers a relatively high reported incidence of congenital anomalies compared with other UK and European cities, for which no explanation has been found. 4 The report of soil pollution by chromium, and the subsequent media coverage, proved a source of public concern. This anxiety was voiced among others by some community groups, who suspected chromium to be possibly linked to several negative health outcomes, among which were congenital anomalies. 5 There was little doubt that the local population, particularly those living near the site of the old factory, was at risk of being exposed to the pollutant. This exposure could take place through three identified routes: direct contact, inhalation of airborne dust and accidental ingestion. 6 A risk assessment exercise of the case showed the likely levels of exposure through each of these routes to be consistently below those deemed as safe in occupational settings. 7 A literature review on the possible teratogenic effects of chromium proved inconclusive.
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Methods
The study design is descriptive geographical. The study area consists of a circle 10 km in radius, centred on the middle point of the site with the highest soil pollution levels, that of the old factory. In turn, this circle is subdivided into a central circle of 2 km radius and eight concentric rings around it, each 1 km wide. The site containing most of the polluting waste is relatively small in comparison with the whole area; it is fully contained inside the central 2 km circle. In the absence of other measurements, it can be assumed that the risk for a person being exposed to the pollutant is inversely proportional to the distance from his or her usual place of residence to the centre of the most polluted area, i.e. the centre of the study area and of its subdivisions. The risk and, therefore, the occurrence of any untoward health outcomes, such as that studied here, congenital malformations, if connected with the pollutant, would decrease from one ring to the next as distance from the centre increases. In consequence, the null hypothesis of the study is that there are no statistically significant differences in incidence between the rings. A cause-effect link between chromium and congenital malformations would be considered as likely only in the case of rejection of the hypothesis because of decreasing incidences with distance. Taking the incidence of the central, most polluted subdivision as unity, these incidences appear in the study in terms of relative risks. The width (radius) of the reference central circle was made double that of the subsequent rings, as a circle of 1 km radius would have been relatively small, containing figures for cases and births much lower than those for the rings. Although arbitrary, the 10 km radius for the study area was chosen as it is a distance beyond which exposure to the pollutant can be expected to be unlikely.
It is difficult to obtain demographic data for arbitrarily drawn areas. A main way to circumvent this difficulty is to build an approximation to the area by using the smallest geographical subdivisions for which these data are readily available. In the UK, these are the Enumeration Districts (EDs), whose typical range of population for Scotland is 350-500. 10 Since the mid-1980s, EDs have been used to build approximately circular areas 11 and subdivisions of such areas 12 in studies investigating possible health effects related to pollutants, and were also used in this study. Each ED has a centroid, defined by Ordnance Survey grid references. Once the references of the middle point at the factory site were defined, and through triangulation, data for each concentric ring were calculated by aggregating those for individual EDs whose centroids lay between two given distances from this middle point.
The study period was 1982-1989 (eight years). This period was defined following a major change in EDs in 1981 and the appearance in that year of the Carstairs deprivation categories (see below). Demographic data were of two kinds, numbers of cases and numbers of births, and both were obtained from the Greater Glasgow Health Board's Health Information Unit. Data on cases of malformation had been collected by the Glasgow Register of Congenital Anomalies, which has operated since 1972, and, as part of the European-wide EUROCAT network of such registries, whose case-definition criteria it follows, it is considered to have a good degree of completeness. 13 The Register covers only the Greater Glasgow Health Board, and because of the irregular shape of its borders, some areas were lost for analysis in the outer rings (441 EDs out of 2780).
Data specified individual cases separately, each allocated to the mother's ED of residence at the time of the birth. For reasons of accessibility, the area for which such data were requested consisted of all postcode sectors totally or partially included in the 10 km circle, and was therefore slightly larger than the study area. Of the 2937 cases obtained, 69 had to be excluded because of coding errors. Once those inside the study area were selected, there were 2681 cases, of which another three had to be left out because of missing data on births in their EDs. The remaining 2678 cases were used in the first part of the analysis, along with the corresponding 81 057 births (see Table 1 ).
To account for socio-economic deprivation, a likely Table 1 ), and there was a possible but unlikely maximum loss of cases of 3.3 per cent (91 cases). Of births, 0.6 per cent was excluded. None of these percentages were considered to add up to a large proportion. By rings, the distance 1-2 km was the one with the highest known loss of cases, 5.1 per cent (five of the six as a result of lack of deprivation category), but the inclusion of these would only marginally have affected the results.
Taking the innermost distance as reference, and based on total numbers of cases and births inside each of the rings, crude relative risks and relative risks standardized by deprivation were calculated for all distances through Poisson regression. 16 Also, relative risks for each of the deprivation categories (over all distances) were obtained. The analysis was carried out using the Stata statistical package on a microcomputer.
Results
Analysing as a first step the interaction ring-year of birth, it was seen that the time trends for numbers of births were uniform over all rings. Therefore, it was thought unnecessary to include this interaction in the analysis model. Distribution of congenital malformations by distance from the pollutant and by deprivation was analysed. Considering the relative risk inside the central distance as unity, Table 1 shows the results of a Poisson regression of relative risk by distance. Relative risk is highest, and significantly different from unity, for the distance between 2 and 3 km, followed in decreasing order by that for the distance between 3 and 4 km and those for 7-8 and 6-7 km. Table 2 shows a similar regression of relative risk by deprivation category. With relative risk of unity for deprivation category 1 (least deprived), all other categories have relative risks significantly high, peaking at category 5.
The next logical step was to carry out a Poisson regression in which relative risk by distance is adjusted by deprivation category after having checked there was no interaction between both in this case. Table 3 shows the results of this regression. Taking as unit risk that for the central distance, that is, between 0 and 2 km from the assumed centre of pollution, relative risk is again maximum between 2 and 3 km distance followed by that between 3 and 4 km. The relative risks between 6 and 9 km are also high and significant, particularly that for 7-8 km, all three being lower than the two above. For deprivation categories, results are the same as before.
According to relative risk, a grouping of distances could be attempted. After carrying out a likelihood ratio test (Ref. 16 found between distances 2-3 km and 3-4 km ( p ¼ 0.41). At distances between 4 and 10 km, no significant differences were found either, although the difference between distances 5-6 km (lowest relative risk) and 7-8 km (highest relative risk in the group) approached significance ( p ¼ 0.052). All these distances had in turn relative risks significantly lower than those for either distance 2-3 km or 3-4 km, except distance 7-8 km, which was different from neither ( p ¼ 0.11 and 0.42). Also, no significant differences in relative risk could be observed between deprivation categories 2-7, and all of them are significantly different from category 1.
In consequence, distances other than the central 0-2 km were grouped into two homogeneous categories: 2-4 km from the centre and 4-10 km, although we should keep in mind for the subsequent discussion that distance 7-8 km has a relatively high relative risk and could be included in either. Deprivation categories 2-7 were also grouped into a single new class. Table 4 shows a final Poisson regression in which grouped distances are standardized by grouped deprivation categories. Relative risks are significantly high at distances of 2-4 km and 4-10 km when compared with that in the central 0-2 km. Relative risk is highest at the intermediate distance, and significantly higher than that in the outermost area. There is also a significant difference in relative risk between those born into deprivation category 1 and those born into any other.
Discussion
Any possible teratogenicity caused by chromium is not apparent in the results. Relative risk of giving birth to a child with a congenital malformation is lowest in the area within the first 2 km, where soil pollution by chromium is highest. Although the area where relative risk peaks, between 2 and 4 km, contains a zone also with considerable levels of chromium pollution, these levels cannot account for the increase, as levels in the central area are twice as high and they fail by comparison to show an effect. Also, relative risk in the outer area is significantly high, although lower than in the intermediate one. As air levels had been found to be very low, spreading of the pollutant by winds cannot explain these peaks away from the centre. Against a decreasing trend with distance is the fact that, after peaking, relative risk shows a sustained decrease with distance followed by a new increase, between 6 and 8 km from the centre, reaching a new, lower peak. From the results, the null hypothesis of no significant differences in incidence between the rings has to be rejected, but no link between the presence of chromium waste and the occurrence of malformations can be considered. Against both the null hypothesis and a possible inverse relationship between distance and relative risk, the pattern of relative risk shows a peak in the intermediate distance from the pollutant.
It would be desirable to repeat the analysis for specific types of malformation, although the low numbers involved would lead to a degree of uncertainty because of wide confidence intervals. A scattergram of cases by ED did not show visual evidence of clustering, but rather a geographical distribution that follows that of population (births).
The percentage of cases excluded from the analysis is lower than most percentage differences between relative risks. There is no doubt that if these cases could have been included, the figures would have been different, but it is very unlikely that this would have led to different results. Only if the majority of the excluded cases had occurred in a single ring or area, such as, for instance, the central one, would the results have been different and a trend with distance have become more apparent. Nevertheless, the probability of most miscodings occurring in a relatively small area is extremely low.
Social deprivation appears to have an effect on the incidence of congenital abnormalities, with a sharp difference between the most affluent population and those less so. Nevertheless, it is not the most deprived who show the highest relative risk. To further investigate the nature of the causes behind this effect is beyond this study, but our results stress the importance of taking into account social deprivation in this kind of research.
Once the role of chromium is dismissed, there should be mention of other possible factors that may influence the distribution of congenital malformations, such as other pollutants or maternal age. The former should be the subject of further descriptive studies; the latter fits better into analytical ones, such as case-control studies.
Completeness and quality of data of registries are important, both as statistical references to obtain an accurate picture of the health of the populations they cover and as the basis for studies such as the present one. These studies, in turn, help correct any shortcomings encountered in the registries. Epidemiological studies making use of such health data and of other routinely collected statistics at the small area level, such as EDs, are better able to define appropriate study areas and populations, and can be a rapid, reliable answer to public concerns on health aspects. 
